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[57) ABSTRACT

The invention is a transportable and reconfigurable
system and method designed for on-site conversion of
toxic substances to nontoxic forms. The invention in-
cludes an electron beam generator, a reaction chamber

and effluent post-processing modules mounted on a
carrier for transporting the system from site to site.

44 Claims, 3 Drawing Sheets

10, I8

/___/\__\/___/\__\lﬁ




Sheet 1 of 3

Oct. 18, 1994

3,357,291

U.S. Patent

¢ 9l

—OXO QG

E.‘.‘..‘H~..i‘.~‘~“.‘~‘-.




5,357,291

Sheet 2 of 3

Oct. 18, 1994

U.S. Patent

LC

i‘

. L. . .. " “S, .. ., "Wl ", i . Wy

be

ct

174 4

v,

=

VL. . . V. . . . . . . U . N,

([l L L L)L L L L

NN N RN N N N N



U.S. Patent Oct. 18, 1994 Sheet 3 of 3 5,357,291

FI1G.4




5,357,291

1

TRANSPORTABLE ELECTRON BEAM SYSTEM
AND METHOD

This invention is a continuation-in-part of a previ- 5

ously filed and copending patent application identified

as Ser. No. 07/941,788, filed on Sep. 8, 1992 and entitled
Toxic Remediation System and Method.

BACKGROUND OF THE INVENTION

This invention relates generally to the processing
and/or chemical conversion of gases, vapors, aerosols,
and suspended particulates using electron beams. These
terms are used interchangeably herein and it should
therefore be understood that if the word gas is used in
the specification or the claims, it is intended to mean gas
Or gases, vapor Or vapors, aerosol or aerosols and sus-
pended particulates. In particular, this invention relates
to a transportable system for the conversion of toxic
waste, especially volatile organic compounds, to envi-
ronmentally acceptable compounds or elements.

As products and by-products of industrial processes,
toxic organic compounds contaminate our air, soil, and

groundwater. Industrial processes continue to generate
toxic organic compounds, thereby adding to the exist-
ing contamination. Toxics created by incinerators, ro-

tary kilns and bioreactors are also major sources of

contamination. Recognition of this problem has led to
the development of diverse extraction, collection, and
disposal methods to reverse the effects of past contami-
naiion and to reduce future contamination of the envi-
ronment.

Air stripping and vacuum extraction are dispersion
technologies which extract contaminants from soil and
groundwater. However, venting contaminants directly
to the atmosphere is environmentally undesirable. Pro-
cessing of the contaminants before release or disposal is
required and is addressed by this invention, as discussed
below.

Carbon containment 1s a collection technology in
which contaminants are passed through carbon (or
other adsorbent) filled canisters to adsorb the contami-
nants. In remediation systems for removal of volatile
organic compounds from soil and groundwater, con-
taminants may be removed from the ground or ground-
water by vacuum extraction or air stripped. In effluent
treatment systems typically found at refineries or chem-
ical plants, the contaminants may be the discharge of an
industrial process. In these various systems, volatile
organic contaminants are adsorbed onto carbon, while
the remaining portion of the extracted air, steam, or
process effluent is released to the environment along
with any contaminants the carbon fails to remove. Car-
bon canisters with adsorbed toxics pose a disposal prob-
lem of their own, which is further complicated by the
transport problem o move camisters to a treatment
facility. In addition, containment of the adsorbed toxics,
whether kept in a single location or moved, is not uni-
versally effective, as some volatile organic compounds
and other pollutants have low adsorptivity.

Incineration is a technique used to destroy contami-
nants through high-temperature burning. As with car-
bon containment systems, the vapors may come from
vacuum extraction wells, air strippers, or industrial
process effluent. Destruction of these contaminants by
incineration is often incomplete, however, and incom-
plete destruction can be expected to produce (and re-
lease to the atmosphere) compounds more hazardous
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2
than the original contaminants. Furthermore, incinera-
tion is often undesirable at refineries and chemical
plants because of the dangers presented by the proxim-
ity of flammable substances to the incinerator’s high
temperatures. Moreover, and clearly in populated areas,
incineration is politically and socially undesirable.

SUMMARY OF THE INVENTION

Electron beams are used to process or convert toxic
and nontoxic compounds to different compounds or
elements. Influents consisting of gases, aerosols, and/or
suspended particulates enter a reaction chamber (or
transformation plenum) into which a beam of electrons
is injected. These electrons interact with the influent to
chemically transform compounds into elements or other
compounds.

Electron beams have previously been used to reduce
emissions of sulfur oxides (SOx) and/or nitrogen oxides
(NOy) from conventional power plant facilities. Each
power plant effluent treatment system is designed to
operate with a single power plant. These systems are
stationary and permanently fixed in one place. They are
not transportable. Moreover, since the composition of a
power plant’s effluent is relatively unchanging, prior-
art effluent treatment systems were not designed to be

easily reconfigured.
Electron beam radiation has also been used to con-
vert organic contaminants in drinking water to nontoxic

forms. Like the power plant effluent treatment systems,

however, water treatment facilities are not designed to
be transportable. Rather, prior-art electron beam water
treatment systems are designed to meet the require-
ments of a single water treatment plant. Thus, the prior
art does not address the problems of transportability of
an electron beam system from site to site or the adapt-
ability of the system to the needs of each particular site.

'The 1nvention described herein is a transportable and
reconfigurable electron beam conversion system. In the
preferred embodiment, an electron beam generator and
a reaction chamber are mounted on a trailer (or other
vehicle) along with any influent preprocessing modules
(such as particulate filters, moisture traps, heaters, cool-
ers, pumps, orifices, nozzles, and/or valves), effluent
post-processing modules (such as a carbon canister and
a caustic scrubber for hydrochloric acid) and system
instrumentation and controls. Influent gases from a
vacuum extraction system or other source are fed to the
system, and any undesirable compounds in the gases are
either transformed to benign elements or compounds or
are removed (or further transformed) by the effluent
treatment modules. The system may be moved from site
to site and 1s designed to meet all applicable highway
weight and size restrictions. In addition, the system’s
elements are easily reconfigured to meet the specific
requirements of each toxic waste site.

The invention is described in more detail below with

reference to the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of an electron beam conversion
(conversion, treatment, transformation and reaction are
words used interchangeably to describe the plenum
chamber and/or its operation in accordance with this
invention) system according to the preferred embodi-
ment of this invention. |

FIG. 2 1s a side elevation view of the electron beam
conversion system of FIG. 1.
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FIG. 3 is a schematic cross-sectional view of the
reaction chamber subsystem and electron beam source
of this invention.

FIG. 4 1s a schematic process flow chart showing the
electron beam conversion system of this invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

FIGS. 1 and 2 show top and side views of a transport-

able electron beam conversion system according to this
invention. An electron beam generator subsystem 10, a
transformation subsystem 12, and influent pre-process-
ing- and effluent post-processing modules 14 are
mounted in an enclosed trailer 16. The instrumentation
and controls required to monitor and operate the system
may be located in a control room 18 at one end of trailer
16. Control room 18 has suitable protection for its occu-
pants from radiation and airborne hazards.

Influent (e.g., untreated material) enters the system
through inlet pipes 20. Effluent from the transformation

subsystem 12 and optional effluent post-processing
modules 14 leaves the system through outlet stack 24.

Thus, the entire toxic remediation system is contained in
trailer 16. Performance and efficiency of the electron
beam conversion system are dependent upon many
interrelated factors, including the shape, dimensions,
and total volume of the reaction chamber; the density
and density distribution of the reaction chamber con-
tents; and the characteristics of the electron beam, such
as its cross-sectional dimensions, the pattern of direc-
tions of the incident electrons, the kinetic energies and
energy distribution of the electrons, the peak and aver-
age power of the beam, and the dose rate. In addition,
the system’s performance may be enhanced by the gen-
eration of secondary electrons upon collision of elec-
trons in the incident beam with the chamber and/or
chamber contents.

In the preferred embodiment, electron beam genera-
tor subsystem 10 is a 2.5 MeV pulsed linear electron
accelerator 11. This unit includes a high-vacuum cylin-
drical envelope which contains an electron gun com-
prising an electron source (heated cathode), accelerat-
ing electrode (anode), and a control electrode (grid).
The electron gun injects electrons into an evacuated
wavegnide which includes a series of resonant cavities
in which the electrons are accelerated sequentially,
using energy derived from a pulsed microwave source.
In the preferred embodiment, the microwave source is a
magnetron. A modulator 26 contains pulse generating
components. The subsystem also includes heat ex-
changer 28 for cooling some elements of the subsystem.

The preferred embodiment employs a microwave-
pulsed linear electron accelerator to meet the size,
power, and weight requirements of the transportable
conversion system. Other electron beam sources may be
used, however, without departing from the scope of this
invention. For example, linear induction accelerators
have been used in the laboratory with limited success
and may be used in this application if the requirements
for transportability and reliability are met. As another
example, electron sources in which electron energy is
determined solely by power supply voltage, without
microwave or induction boost, can also be used if the
transportability and reliability requirements are met. In
the preferred embodiment, the average beam power
may be made adjustable and the modulator may also be
selected to permit modifications to adjust the peak beam
pOwer.
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FIG. 3 a schematic cross-sectional view of transfor-
mation subsystem 12 as well as a portion of the electron
beam generator subsystem 10, particularly the output
end of accelerator 11. In order to maintain the interior
of accelerator 11 under a high vacuum, an accelerator
vacuum window 30 (preferably 1 to 2 mils titanium) is
positioned at the accelerator outlet. Other materials
may be used (such as stainless steel, beryllium or ceram-
1cs) and other material thicknesses may be used for
window 30 without departing from the scope of this
invention. The goal in selecting a material and thickness
for window 30 is to provide a desired scatter angle (as
discussed below) and low energy loss while still main-
taining a vacuum and good thermal conductivity to
reduce thermal stresses generated in the window by the
electron beam. Thickness of window 30 will depend on
the power and energy of the electron beam source, the
density of the material chosen for the window, and
mechanical stresses created in the window during oper-
ation of the system.

The effective electron beam diameter may be en-
larged, for example by use of quadrapole coils 27,
thereby reducing thermal stresses by distributing beam
power over a larger area of the window. Window 30
may also be water cooled to prevent overheating. The
electron beam from accelerator 11 travels through win-
dow 30 into a small chamber 29 before passing into the
interior of transformation subsystem 12. Chamber 29 is
purged by a non-reactive gas such as nitrogen to elimi-
nate ozone produced by the interaction of electrons
with oxygen and to aid in cooling the window.

Exposure of window 30 to the material in chamber 32
could threaten the integrity of the vacuum in accelera-
tor 11, thereby adversely affecting system performance.
In the preferred embodiment, therefore, a second win-
dow 36 is disposed between window 30 and the interior
of chamber 32 to prevent any contact between material
in chamber 32 and window 30. Window 36 may be
formed from sapphire, mica, ceramic, or other material
resistant to the acids that may be generated in the trans-
formation process. The thickness of window 36 depends
on, among other things, the material chosen and the
operating pressure within chamber 32. In the preferred
embodiment, window 36 is formed from 3 rail mil thick
sapphire. In addition, chamber 29 is maintained at a
pressure greater than the reaction chamber pressure to
inhibit backflow of material from the reaction chamber
toward window 30 in case of breach or failure of win-
dow 36.

In an alternative embodiment, window 36 is omitted
and noncontaminated flowing gas (such as air) is used to
prevent contact between the reaction chamber contents
and window 30.

Radiation shielding reduces to safe levels the emis-
sion of Xrays or other radiation generated by collisions
of electrons with materials in their paths. For example,
shield 70 surrounds the outlet nozzle of the accelerator.
Shielding may be formed from steel, concrete, lead, or
any other suitable material. Other shielding is placed
around the system as needed to meet with regulatory
requirements and to permit it to be safely operated in
the presence of people.

Transformation subsystem 12 includes a self-shielded,
chemically resistant transformation plenum comprising
a reaction chamber 32 of nonmetallic material such as
porcelain, polyethylene, polyurethane, or resin-impreg-
nated fiberglass surrounded by an exterior shell 34 of
shielding material such as steel. The material chosen for
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the reaction chamber depends on the application, but in
any event should preferably minimize the creation of
Xrays resulting from collisions with impinging elec-
trons. Alternatively, the reaction chamber may be of
steel or Inconel of sufficient shielding thickness or other
metals if it is determined based on what is being pro-
cessed that corrosion is not a likely problem. The pur-
pose of shell 34 is to reduce to safe levels any Xrays
generated by interaction of the electron beam with
system components and contents of the reaction cham-
ber. Shell 34 may also be formed from concrete;, lead,
or any shielding substance known in the art.

Chamber 32 may be formed by depositing a lining
material on the interior surface of sheli 34. Alterna-
tively, chamber 32 may be removable from shell 34 for
replacement of a reaction chamber with a new one
made from the same material or, if the system is being
reconfigured, with a chamber made from a different
material adapted to the system’s next application. In the
preferred embodiment, chamber 32 and shell 34 are
formed as separate elements. Suitable doors or ports are
provided in chamber 32 and shell 34, respectively, to
provide access to change chamber 32 from time to time
and for cleaning and other maintenance.

The shape of reaction chamber 32 optimizes system
performance while minimizing the size and weight of
chamber 32 and its shield 34. Windows 30 and 36 will
cause the electron beam to scatter in varying degrees
depending on the window material and thickness. In the
preferred embodiment, therefore, reaction chamber 32

i1s narrow at the electron beam inlet and tapers out-

wardly to approximate the angle of beam divergence.
This reduces the likelihood that untreated materials will

bypass the electron beam. In the preferred embodiment,
chamber 32 1s conical with its narrow diameter at the
electron beam inlet.

A cylindrical portion may be added at the larger end
of the conical chamber to provide additional path
length for the electron beam. Chamber 32 may also be
made with a square or polygonal cross-section or of
gradually increasing proportion, and may lead to a con-
stant width portion at the large end. Length of reaction
chamber 32 1s determined by the effective penetration
of the scattered electron beam, which, in turn, is deter-
mined by the energy of the electrons in the beam and
the nature and density of the material within the cham-
ber.

If one doubles the chamber pressure, density within
the chamber is doubled and this reduces the electron
beam path to about half of what was previously needed
to accomplish transformation with the same efficiency,
thereby approximately halving the required reaction
chamber length. Of course, in such a case the chamber
and associated elements will have to be structured to
handle the increased pressure.

Thus, the size and shape of the reaction chamber, the
material and thickness of the windows, the pressure,
temperature, mass flow rate and composition of the
treated material, the power of the electron beam source,
and the energy of the electrons in the beam are interde-
pendent design parameters which may be altered to fit a
particular application.

The preferred embodiment is designed to accommo-
date a continuous flow of treatable material through the
system. Reaction chamber 32 is therefore designed to
optimize contact between the electron beam and the
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flow stream. Influent from a source such as a vacuum

extraction system, an air stripping system, an incinera-

6

tor, a rotary kiln, a bioreactor or an industrial process

and like systems enters reaction chamber 32 through
inlets 20. Elbows 44 on the ends of inlet ducts 20 direct
the influent initially into a swirling flow around the end
of the chamber farthest from the electron beam source.
The interaction of swirling influent with inlet ducts 20
and other baffles (not shown)within chamber 32 creates
a turbulent flow swirling through the chamber. Exit
ports 24 are located adjacent to window 36 at the small
end of the chamber’s cone. The turbulent flow of mate-
rial from the far end of the chamber toward the electron
beam source maximizes interaction between the elec-
tron beam and the flowing material, thereby maximiz-
ing overall system efficiency. Additional iniets 41 may
be used to add catalysts and/or water to the reaction
chamber to aid in the transformation process. Alterna-
tively, the inlet ducts may be placed at other locations,
such as at the bottom of the reaction chamber, without
departing from the scope of the invention. In a like
sense the outlet ducts also may be placed at different
locations without departing from the spirit of this inven-
tion.

As shown in FIG. 4, the system can also be used in a
batch mode wherein the reaction chamber is filled with
untreated matenal, valves 3 and 4 are closed, and the
trapped material is treated with the electron beam to
transform the contents to other elements and com-
pounds. This “batch™ of treated material is thereafter
evacuated to the effluent post-processing modules (if
post-processing 1s required) before release.

FIG. 4 1s a process flow diagram which shows a

possible configuration of influent preprocessing and
effluent postprocessing modules. Untreated material

from source 78 driven by pump 70, enters filter system

76, moisture trap 74, and thermal device 76, before
entering reaction chamber 32 via inlets 20 (FIG. 3). It is
noted that pump 70 may be positioned on the otherside
of plenum or reaction chamber 32. This path or an
alternate selected by the operator may be followed
depending on the objectives and needs at a particular
site. These elements are used to provide influent prepro-
cessing as needed to maintain and optimize the conver-
sion process. If the influent material is not a gas, influent
may be directed through atomizer 14 prior to entering
reaction chamber 32. A reagent may be added from
reagent source 82 to enhance chemical reactions.
Treated material from reaction chamber 32 may be
directed via ports 24 to a conventional scrubber system

50 to post-process any acids formed during the transfor-

mation process. The scrubbed material may then be

directed to vessels $§2 and/or 54 containing conven-
tional adsorption materials (such as activated carbon in
granular form) to trap any residual undesired material
and to serve as a backup system in the event that the
electron beam is deactivated prematurely. An inert gas
such as nitrogen from a source 62 may be used to purge
chamber 29. _

With an mterest in providing a full disclosure of dif-
ferent ways of operating the system of this invention,
various conditions and the operating parameters will
now be described.

A. Continuous Flow from Source; Treatment of Efflu-
ent with Caustic Scrubber and Granular Activated
Carbon:

Close valves 7, 8, 9, 10, and 17.
Open valves 1, 2, 3, 4, 5, 6, and 12.
Start E-Beam.

Start Pump 70.
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B. Continuous Flow plus Catalyst and Treatment of

Effluent (as in A):
All valves set as in A above.
Open valve 17.
Start E-Beam.
Start Pump 70.
C. Continuous Flow plus Condensate from Plenum Plus
Treatment of Effluent (as in A):
All valves set as in A.

Liquid Level Sensor opens valve 13 and starts 10

Pump/Atomizer 14.
Start E-Beam.
Start Pump 70.
D. Continuous Flow Plus Condensate from Scrubber 50
Plus Treatment of Effluent (as in A):
All valves set as in A.
Liquid Level Sensor Opens valve 15 and starts
Pump/Atomizer 14.
Start E-Beam.
Start Pump 70.
E. Batch Processing with Effluent Treatment:
Close valves 4, 7, 8, 9, 10, 16, and 17.
Open valves 1, 2, 3, 5, 6.
Start Pump 70.

Close valve 3 and stop Pump 70 when desired 25

pressure is reached inside the plenum.
Begin E-Beam. Run required Total Electron Dose.
Open valve 4.
Close valve 2.
Open air valve 16.
Start Pump 70.
F. Supply toxics are liquid, with Treatment as in A
Connect source line to Pump/Atomizer 14.
Close valves 1, 2, 8, 9, 10, 13, 17.
Open valves 3, 4, 5, 6, and 16.
Start E-Beam. '
Start Pump 70.
Start Pump/Atomizer 14.
G. Only Scrubber 50, No Carbon, with Effluent Treat-
ment as in A:
Close valves 6, 8, 9, 10, 13, 16, and 17.
Open valves 1, 2, 3, 4, 5, 7.
Start E-Beam.

Start Pump 70.
H. Only Carbon (52 and/or 54), No Scrubber 50:

Close valves 5, 10, 16, and 17.

Open valves 1, 2, 3, 4, 5, 6, 8, and/or 9.
Start E-Beam.

Start Pump 70.

These examples, which should be understood are exem- 50

plary only and not inclusive, are intended to give an
understanding of the flexibility of the system of this
invention.

In addition, provision may be made to remove or
treat (if desired) any sludge or condensate that may
form in reaction chamber 32. Valve 13 and sump drain
line 31 will drain condensate and sludge from a sump or
collector in the chamber and into the inlet gas stream
via atomizer 14. Effluent from scrubber 50 may be
treated in the same way.

Influent and effluent gases may be monitored on-line
by tlow sensors and chemical analysis sensors to deter-
mine the composition, temperature, and pressure of
mput and output material. Operation of the electron

beam source may also be monitored by measuring the 65

electron beam current using a current detector torroid
61 surrounding the output beam. Analytical instruments
and monitoring equipment may be located in equipment
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8

room 18 along with system controls. Computers and
computer software may be used in system control. Pro-
vision may also be made to control the entire system
from a remote location.

The transportable electron beam conversion system
of this invention runs on AC power. If there is no suit-
able power supply at the conversion site, an AC power
generator may be added onto the transport mechanism
as to provide total independence to the system.

No two toxic waste sites are the same. Each site has
different contaminants in varying amounts. In addition,
requirements to clean up a given site can change over
time. The electron beam system of this invention is
therefore designed to be both transportable from site to
site and reconfigurable to meet the requirements of a
particular site. System components are removably at-
tached (such as by bolting) to the floor of the trailer.
Thus, one reaction chamber can easily be removed and
replaced with another of a different size or configura-
tion; an electron beam source can be exchanged for
another with lower or higher energy outputs; scrubbers
and adsorption vessels can removed or supplemented.

Provision may also be made to protect the system
components during transport. For example, in the pre-
ferred embodiment the mounting slides for the electron
beam source permit the accelerator to be anchored
away from the reaction chamber during transport, then
moved and correctly aligned into position prior to use
at clean-up sites. This feature also contributes to easy
maintenance of the electron beam source.

In the preferred embodiment, the transformation
process takes place at near ambient temperature. As an
alternative, material in the reaction chamber may be at
an elevated temperature, which in general increases the
reaction rates of chemical processes. If the material
source is a granular carbon regeneration system, for
example, material driven off the adsorbent carbon may
be at a high temperature. The transformation system
may also itself include means to change influent and/or
reaction chamber temperature and/or pressure such as a
heater, or a cooler, to help regulate the temperature of
the transformation process, or a pump and controls to
regulate the pressure of the plenum.

This invention may be used in applications other than
toxic waste conversion, such as a step in an industrial
process. Other modifications covered by this invention
will be apparent to those skilled in the art.

We claim: |

1. A transportable electron beam conversion system
for the transformation of volatile organic compounds
comprising:

an electron beam source:;

a reaction chamber;

means for directing an electron beam from said elec-

tron beam source into said reaction chamber to
directly interact with volatile organic compounds
in gaseous form flowing therethrough;
inlet means for flowing a gas including volatile or-
ganic compounds in a gaseous state into said reac-
tion chamber following a flow through preprocess-
Ing means;

said preprocessing means comprising at least one
preprocessing station comprising one or more of
the following: particle filters: moisture traps; atom-
1zers; temperature control means; and pressure
control means;

means to reconfigure said system by adding thereto

or taking therefrom active preprocessing stations;
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said reaction chamber being in the path of said gas so
that the gas to be treated moves through said reac-
tion chamber;

outlet means for flowing and removing a treated gas
from the reaction chamber in a gaseous state; and

transport means for moving the electron beam source
and the reaction chamber from one site to another.

2. The transportable electron beam conversion sys-
tem of claim 1 wherein the transport means is adapted
for use on public roads.

3. The transportable electron beam conversion sys-
tem of claim 2 further comprising means for mounting
the electron beam source and the reaction chamber on
the transport means.

4. The transportable electron beam conversion sys-
tem of claim 1 wherein the electron beam source is a
pulsed linear electron accelerator.

5. The transportable electron beam conversion sys-
tem of claim 1 wherein the reaction chamber has a first
end and a second end, the means for admitting an elec-
tron beam to said reaction chamber from said source
comprises a substantially circularly shaped window
adjacent the first end of said reaction chamber and
means thereat to protect said window from reactive
materials in said reaction chamber.

6. The transportable electron beam conversion sys-
tem of claim 5 wherein the width of the reaction cham-
ber at the first end is substantially smaller than the width
of the reaction chamber at the second end.

7. The transportable electron beam conversion sys-
tem of claim 6 wherein the reaction chamber has a
substantially non-circular cross-section.

8. The transportable electron beam conversion sys-
tem of claim 6 wherein the reaction chamber has a
substantially circular cross-section.

9. The transportable electron beam conversion sys-
tem of claim 1 further comprising effluent treatment
means and means for delivering gas from the outlet
means to the effluent treatment means, the transport
means being further adapted to move the effluent treat-
ment means along with the electron beam source and
reaction chamber from one site to another.

10. The transportable electron beam conversion sys-
tem of claim 9 wherein the effluent treatment means
comprises an adsorption system.

11. The transportable electron beam conversion sys-
tem of claim 10 wherein the effluent treatment means
further comprises a scrubber system.

12. The transportable electron beam conversion sys-
tem of claim 9 wherein the effluent treatment means
comprises a scrubber system.

13. A transportable and reconfigurable electron beam
conversion system for the transformation of volatile
organic compounds comprising:

transport means;

an electron beam source removably mounted on said
transport means;

a reaction chamber removably mounted on said trans-
port means, said reaction chamber including pro-
tection internally for the chamber walls against
chemicals in the chamber;

effluent treatment means removably mounted on said
transport means;

means for admitting an electron beam from said elec-
tron beam source into said reaction chamber while
each of said electron beam source and said reaction
chamber are mounted on said transport means;
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reaction chamber inlet means for flowing a gas stream
including volatile organic compounds in a gaseous
state into said reaction chamber:;
said reaction chamber while mounted on said trans-
port means being in the path of said gas stream so
that the stream to be treated moves through said
reaction chamber:
reaction chamber outlet means for flowing and re-
moving a treated gas stream from said reaction
chamber while still in a continuous gaseous state
and admitting said gas stream into said effluent
treatment means mounted on said transport means.
14. The transportable and reconfigurable electron
beam conversion system of claim 13 wherein the elec-
tron beam source is a pulsed linear electron accelerator.
15. The transportable and reconfigurable electron
beam conversion system of claim 13 wherein the reac-
tion chamber has a first end and a second end and the
electron beam source output end comprises a substan-
tially circular window which is positioned adjacent the
first end of the reaction chamber and means are posi-
ttoned thereat to protect said window from reactive
materials mn said reaction chamber, said system being
constructed to function at ambient temperature and
means to defocus the electron beam to spread the beam
substantially uniformly across said window.

16. The transportable and reconfigurable electron
beam conversion system of claim 15 wherein the width

of the reaction chamber at the first end is substantially
smaller than the width of the reaction chamber at the
second end.

17. The transportable and reconfigurable electron
beam conversion system of claim 16 wherein the reac-
tion chamber has a substantially non-circular cross-sec-
tion.

18. The transportable and reconfigurable electron
beam conversion system of claim 17 wherein the cross
section of the reaction chamber is substantially square.

19. The transportable and reconfigurable electron
beam conversion system of claim 16 wherein the reac-
tion chamber has a substantially circular cross-section.

20. A system in accordance with claim 15 including
means to create turbulent flow 1n said reaction chamber
of extracted vapors passing therethrough.

21. A system in accordance with claim 15 in which
the means to protect said window comprises an electron
window at the end of said reaction chamber into which
the electron beam is directed.

22. A system in accordance with claim 21 in which
the electron windows are spaced as closely as possible
to one another and means are provided to flow a non
reactive gas therebetween.

23. The transportable and reconfigurable electron
beam conversion system of claim 13 further comprising
shield means surrounding at least a portion of the reac-
tion chamber.

24. The transportable and reconfigurable electron
beam conversion system of claim 23 wherein the shield
and the reaction chamber are formed as a single ele-
ment.

25. The transportable electron beam conversion sys-
tem of claim 13 further comprising effluent treatment
means and means for delivering gas from the outlet
means to the effluent treatment means, the transport
means being further adapted to move the effluent treat-
ment means along with the electron beam source and
reaction chamber from one site to another.
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26. The transportable and reconfigurable electron
beam conversion system of claim 25 wherein the trans-
port means comprises a single vehicle adapted for use
on public roads.

27. The transportable and reconfigurable electron
beam conversion system of claim 13 wherein means are
provided to reconfigure said effluent treatment means.

28. The transportable and reconfigurable electron
beam conversion system of claim 27 in which said
means to reconfigure said effluent treatment means
comprises valve means.

29. The transportable and reconfigurable electron
beam conversion system of claim 13 including influent
treatment means removably positioned prior to said
reaction chamber in the path of the flowing gas stream
and means to reconfigure said influent treatment means
to conform said treatment means to selected treatment

stages to optimize the transformation process in view of

the influent to be treated.

30. The transportable and reconfigurable electron
beam conversion system of claim 29 in which said
means to reconfigure said influent treatment means
comprises valve means. |

31. An electron beam system for the conversion of

volatile organic compounds comprising:
an electron beam source;

a reaction chamber;

means for admitting an electron beam from the elec-
tron source into the reaction chamber:

inlet means for directing a flow of a gas stream which
includes volatile organic compounds in a gaseous
state for treatment into the reaction chamber;

effluent treatment means in the path of flow of said
gas stream following the reaction chamber:

means for delivering gas from the reaction chamber
to the effluent treatment means; and
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means for flowing the output of said effluent treat-

ment means mnto a path to return said output for
treatment to said reaction chamber for further
~ processing.

32. The conversion system of claim 31 including in-
strumentation to measure flow rates.

33. The conversion system of claim 31 including in-
strumentation for chemical analysis.

34. The conversion system of claim 31 in which said
system is mounted on transport means adapted for use
on public roads.

35. The transportable electron beam conversion SyS-
tem of claim 34 wherein the effluent treatment means
comprises a scrubber system and means for directing
flow from the scrubber to the reaction chamber.

36. An electron beam system in accordance with
claim 31 in which said effluent treatment means at least
comprises adsorbent material.

37. An electron beam system in accordance with
claim 36 in which said adsorbent material comprises
activated carbon in granular form.

38. An electron beam system for the conversion of
volatile organic compounds comprising:

an electron beam source:

a reaction chamber;

means for admitting an electron beam from the elec-

tron source into said reaction chamber:
inlet means for directing a flow of a gas stream which
includes volatile organic compounds in a gaseous
state of treatment into the reaction chamber;

effluent treatment means in the path of flow of said
gas stream following the reaction chamber:
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means for flowing gas from the reaction chamber to
the effluent treatment means;

means for collecting substances accumulated in said
reaction chamber;

means for flowing the output of said effluent treat-
ment means and substances collected in said reac-
tion chamber back to said reaction chamber for
further processing; and

transport means for use on public roads for transport-
ing at least said electron beam source, said reaction
chamber and said effluent treatment means.

39. An electron beam conversion system for the
transformation of volatile organic compounds to alter-
native compounds and elements, the system comprising;:

an electron beam source;

a reaction chamber with internal surface protection

against reactive organic materials: |

means for directing an electronic beam from said-

electronic beam source into said reaction chamber;
inlet means for flowing a relatively continuous gas
stream to be treated into said reaction chamber;
outlet means for removing a relatively continuous
gas stream from said reaction chamber following
irradiation by said electron beam within said reac-
tion chamber; and

* means to control the ‘temperature of the gas in the
reaction chamber during processing.

40. An electron beam conversion system for the
transformation of volatile organic compounds to other
compounds and elements, the system comprising:

an electron beam source;

a reaction chamber with internal surface protection

against reactive organic materials;

means for directing an electron beam from said

electron beam source into said reaction chamber;
ber;

inlet means for (admitting) flowing a relatively con-

tinuous gas stream to be treated into (the) said
reaction chamber:

outlet means for removing a relatively continuous gas

stream from said reaction chamber following
irradiation by said electron beam within said reac.
tion chamber; and

means to control the pressure of the gas in the reac-

tion chamber during processing.

41. An electron beam conversion system for the
transformation of volatile organic compounds compris-

ing:

an electron beam source;

a reaction chamber;

means for directing an electron beam from said elec-
tron beam source into said reaction chamber:

inlet means for flowing a relatively continuous gas
stream for treatment into said reaction chamber;

means for adding a reagent to said gas stream to facili-
tate transformation of volatile organic compounds
in said reaction chamber being treated therein; and

outlet means for removing a relatively continuous gas
stream from said reaction chamber following irra-
diation by said electron beam within said reaction
chamber.

42. An electron beam conversion system ‘for the
transformation of volatile organic compounds compris-

ing:

an electron beam source:
a reaction chamber:;
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means for directing an electron beam from said elec-
tron beam source into said reaction chamber;
inlet means for flowing a relatively continuous gas
stream for treatment into said reaction chamber;
means for adding a catylst to said reaction chamber to
aid in the transformation of volatile organic com-
pounds to be treated therein into environmentally
more acceptable elements and/or compounds; and
outlet means for removing a relatively continuous gas

stream from said reaction chamber following irra-

diation by said electron beam within said reaction

chamber.

43. An electron beam system to operate at generally
ambient temperatures for the conversion of volatile

organic compounds comprising:

an electron source;

a reaction chamber;

means for admitting electrons from said electron
source into said reaction chamber;

inlet means for directing a flow of a gas stream which
includes volatile organic compounds in a gaseous
state, without the addition of ammonia, for treat-
ment in said reaction chamber;

effluent treatment means in the path of flow of said
gas stream following said reaction chamber;

means for flowing gas from said reaction chamber to
said effluent treatment means;

means for collecting substances accumulated in said

reaction chamber; and

14

means for flowing the output of said effluent treat-
ment means into said reaction chamber for reexpo-
sure to electrons from said electron source.

44. A transportable electron beam conversion system

5 for the transformation of volatile organic compounds
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comprising:

an electron beam source;

a reaction chamber;

means for directing an electron beam from said elec-
tron beam source into said reaction chamber to
directly interact with gas flowing therethrough;

inlet means for flowing a gas including volatile or-
ganic compounds in a gaseous state into said reac-
tion chamber:

said reaction chamber being in the path of said gas so
that the gas to be treated moves through said reac-
fion chamber;

outlet means for flowing and removing a treated gas
from the reaction chamber in a gaseous state;

means to flow said gas from said reaction chamber
through post-processing and control means config-
ured into said system;

sald post-processing and control means comprising at
least one of the following treatment stations: scrub-
ber means for a system in which organic com-
pounds are processed; adsorption means; system
instrumentation; control and pump means;

means 1o reconfigure said post processing and control
means; and

transport means for moving the electron beam source

and the reaction chamber from one site to another.
XK ¥ %k * *
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